Objective: To provide a better prognosis after the treatment of giant cell tumor of bone which is a common benign aggressive bone tumor by the use of thermoablation, Hsp70 expression of the tumor was explored and the relationship between the relative amount of expression of this protein and tumor recurrence was studied. Methods: Avascular parts of tumor tissues were collected from 11 patients, 3 male and 8 female with an average age of 32.27 years and were sent for the analysis of protein contents by the use of Western blot. A comparative protein analysis was used for the detection of Hsp70 and beta-actin. Monoclonal antibody was used for the identification of Hsp70. The measurement was carried out two times in one patient. The relationship between ratios of Hsp70/beta-actin and tumor recurrence during 3-year follow-up was carried out. Results: Tumor recurrence was found in 4 patients, 36.6% and none had lung metastasis. Significant HSP expression was found in all specimens. No patient with the ratio of HSP70/beta-actin expression lower than 0.66 had tumor recurrence. Sensitivity of the test was 75% and specificity was 100%. Conclusion: Expression of Hsp70 was found in giant cell tumor of bone and high relative expression of this protein related to tumor recurrence.
Introduction
Under stressful conditions most cells produce heat shock proteins (Hsps) which can provide both a protective mechanism for the affected cells and a stimulation of immune response [1] . Hsp70 Kilo-Dalton acts as a chaperone for folding up all polypeptide molecules for their proper forms and functions. This protein can stabilize most proteins in the cells and they also play major role in the prevention of apoptosis of the cells [2] . Recently, there have been many reports of the expression of HSPs in particular tumors, especially malignant tumors such as leukemia and osteosarcoma [3] [4] . Hsps can promote tumorigenesis and the prevention of tumor cell apoptosis [5] - [8] . The amount of Hsp expression in these malignant tumors seemed to correlate with the aggressiveness of the tumors [9] [10] . However, there was no report of Hsp expression in giant cell tumor of bone from our literature reviews.
Giant cell tumor of bone is one of the common benign aggressive bone tumors [11] - [15] . The aggressiveness and recurrence of giant cell tumor cannot be predicted from clinical and histopathological findings [16] . Recurrencerates between 6% and 16% after wide resection and 18% and 56% after extended intra-lesional curettage and local treatment have been reported [17] - [20] . Only early local recurrence rate was found to relate with the aggressiveness of this tumor [21] . To provide a better prediction of the recurrent rate at pre-operative stage, Hsp70 expression has been explored through tumor tissues. The study of the relationship between the relative amount of Hsp70 expression and clinical outcome of the treatment in terms of tumor recurrence was also carried out.
Materials & Methods
The study was approved by Siriraj IRB number 771/2554. Tumor tissues were collected from 11 patients, 3 male and 8 female who had been treated at the Department of Orthopaedic Surgery, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand during 2011 to 2012, Table 1 . Their ages ranged between 22 and 45 years with an average age of 31.3 years. All patients had the definitive diagnosis of giant cell tumor of bone with large soft tissue tumor mass as at least 10 cubic centimeters of the tumor tissues were needed for our test, Figure 1 . Seven patients were recurrent cases and the rest 4 patients were new cases of giant cell tumor of bone. All patients were treated by the use of extended intralesional curettage and the tumor lesions were filled up with bone graft or bone cement. Figure 1 . Radiograph of the patient number 1 who had recurrent giant cell tumor at his distal femur.
Ten cubic centimeters of avascular part of the tumor tissues were collected under sterile technique. The tissues were cut into small pieces by the use of a surgical knife. The tumor tissues were cleaned by the use of continuous irrigation with sterile normal saline to grossly remove all contaminating blood. Then, the tumor tissues were placed in sterile bottle at room temperature without any medium and were brought to storage immediately at -20˚C freezer in our laboratory.
For protein isolation, small pieces of tumor tissue of about 0.02 g were selected and were washed with 100 µl of PBS. The supernatant was discarded. The tissues were homogenized after adding 200 µl of PBS to the tube by the use of a mini-homogenizer and plastic pestle on ice. Ten to 15 strokes (3 -4 seconds/stroke) during the homogenization were carried out. Then, the samples were spun at 12,000 g for 15 minutes at 4˚C and the supernatant was discarded. Tissue pellets were re-suspended in 1× sample buffer in the same volume as the supernatant. The solution was transferred to a 0.6 mL microcentrifuge tube and sonicated briefly for 10 -15 seconds. Then, the solution was boiled for 5 minutes at 95˚C. After that, the sample was spun again at 12,000 g for another 10 minutes at 4˚C. The supernatants were collected for the determination of protein concentration by Bradford assay.
Western blot analysis was carried out in the study for detection of the target proteins. The process of the identification of Hsp70 was carried out by the use of a comparative proteinanalysis [22] . Identification of Hsp70 expression was carried out in this study because these proteins related to natural history of most tumor and might be the target of therapy in the future [23] [24] .
Forty micrograms of each protein sample were mixed with 6x sample buffer (0.5 M Tris-HCl, pH 6.8, plus 0.4% SDS, 30% glycerol, 10% SDS, 0.6 M DTT, 0.012% bromphenol blue). The samples were loaded and run in SDS-polyacrylamide gel electrophoresis on a 10% Tris-glycine polyacrylamide gel in 1xrunning buffer at 100 V for 1.5 hours (1× Tris/glycine/SDS buffer, Bio-Rad Laboratories, Hercules, CA, USA). After electrophoresis, the proteins were transferred to a nitrocellulose membrane (Bio-Rad) and left overnight in 1× transfer buffer (1× Tris/glycine buffer (Bio-Rad) plus 20% methanol) at 18 V under the temperature of 4˚C. The membranes were blocked for 30 minutes at room temperature in 5% skim milk and were washed out with 0.1% TBST (1× TBS [Tris-buffered saline], BioRad, 0.1% Tween®20). Then, membranes were incubated with Hsp70 Antibody, Mouse Monoclonal (Abcam., England) primary antibody (diluted 1:1000 in 5% skim milk) at 4˚C with agitation. After one night of incubation, three procedures of 15-minute washes in 0.1% TBST were carried out. AntiMouse IgG, HRP-linked Antibody (Abcam., England) was then added and the membranes were incubated for another 1 hour at room temperature with agitation (dilution 1:1000 in 5% skim milk) and followed by three 15 minute washings in 0.1% TBST. The membranes were then soaked in ECL™Detection Reagent (Pierce, USA) for 5 minutes. Image was captured by Genesyn Program to get the results of Hsp70 expression. Band density was quantitated by the use of ImageJ (image analysis software program).
For beta-actin expression, after captured, the membranes were continuously washed for 30 minutes, 3 times, in 0.1% TBST. Then, the membranes were incubated with monoclonal anti-beta-actin produced in mouse (SigmaAldrich) with the dilution of 1:2000 in 5% skim milk for one night at 4˚C with agitation. The membranes were undergone three times of 15-minute washing in 0.1% TBST. Anti-Mouse IgG, HRP-linked Antibody (Abcam., England) was then added and the membranes were incubated for another 1 hour at room temperature with agitation (diluted 1:1000 in 5% skim milk). Then, three times of 15-minute washing in 0.1% TBST were carried out. The membranes were soaked in ECL™Detection Reagent (Pierce, USA) for 5 minutes.
The relative amount of Hsp70 protein expression was calculated by band density of Hsp70 divided by band density of beta-actin. The expression of protein band was measured by the use of a densitometer. The measurement was carried out two times (duplicated studies) in each patient, Figure 2 .
The data were analyzed by the use of SPSS Window version 16 statistical package. All patients were followed up for at least 3 years. Recurrence rate and the progression of the tumor were closely followed up by the use of physical examination and plain radiography every month during the 1 st year and every 3 months during the 2 nd and 3 rd year follow up. MRI was used for the confirmation of tumor recurrence and surgical planning. Relationship between the relative amount of Hsp70 protein expression and tumor recurrence was observed and formulated as a diagnostic test.
Results
All patients survived the surgery and were closely followed up between 40 -50 months with the average being 42.4 months. Hsp70 expression was found in the specimens of all patients, Table 1 . Four patients, 36.6%, 1 male and 3 female, developed tumor recurrence, patient numbers 6, 7, 9 and 10. None had lung metastasis. Two had histopathological grade I/III and 1 patient had giant cell tumor grade I with aneurysmal bone cyst component. Three patients in the tumor recurrence group had high ratio between area of Hsp70 and beta-actin (Hsp70/beta-actin), ranging between 0.74 and 2.04. One patient with recurrent tumor, patient number 7, had low Hsp70/beta-actin ratio, 0.53. All patients who had no tumor recurrence had ratios between 0.31 and 0.66, Table  1 .
As the experiment was carried out two times, the intra class coefficient (ICC) was calculated and the result was 0.789, Table 2 . By the use of F test the p-value was 0.001. These findings supported the fact that results from the 2 experiments correlated with each other significantly and indicated similarity of the results. From group statistics, the patients who had high ratio of Hsp70/beta-actin trended to have a higher chance to develop tumor recurrence, even though there was no significant difference.
YOUDEN Index was used to find out the cutoff point of Hsp70/beta-actin ratio to differentiate between the tumor recurrence and the non-tumor recurrence groups. At YOUDEN Index of 0.75, the cutoff point was 0.66, Table 3 . This cutoff point was confirmed by the use of ROC curve, Figure 3 and dot diagram, Figure 4 . The area under the curve (AUC) was 0.893 with the standard error (SE) of 0.112. The lower bound was 0.674 and the upper bound was 1.111 at 95% confidence interval. The pre-test prevalence was 36.3%. Post-test probability or recurrence rates ranged between 12% and 36.3% when the test gave negative results, Table 3 . Post-test probability or recurrence rates would be higher than 74.7% when the test gave positive results, 
Discussion
All patients had the definitive diagnosis of giant cell tumor of bone made by our Tumor Board which consisted of bone pathologists, musculoskeletal radiologists, orthopaedic surgeons and medical oncologists. From a previous report of the Eastern Asian Musculoskeletal Oncology Group, the median interval between initial surgery and the first recurrence of the new cases was 16 months. The mean interval between the surgeries in the recurrent cases was 14.1 months for the repeated recurrent groups and 28.3 months for the single recurrent group [21] . Thus, all patients in this study were followed up for at least 36 months, ranging between 40 and 50 months with an average follow up of 42.4 months. Tumor recurrence during the follow up was used as the gold standard measurement of this diagnostic test. Our patients' biographic data, location of the tumor and tumor pathology can represent the patients of our clinical practices which were similar to most reports [11] - [15] [25] . Concerning tumor location and pathology, most of the enrolled patients had the tumor at the end of their long bones and they were pathological type II. These results were also similar to the patients in most reports too. However, 2 of our patients, patient numbers 6 and 11, had the tumor at their sacrums, which was rather rare.
The tumor tissues of all patients had Hsp70 expression which has not been reported in any previous literatures. Interestingly, Hsp70 was one of the proteins which can potentiate aggressiveness of particular tumors [3] [4] [26] . The positive relationship between the ratios of HSP70/beta-actin expression and tumor recurrent rates of giant cell tumor of bone was demonstrated in this study. Different tumor might have different Hspexpression. The data from this study should not be applied for other bone tumors. The limitation of this study was its small sample size as only 11 patients were included in the study.
High ratio of Hsp70/beta-actin related to the tumor recurrence. Therefore, the possibility of using the ratio as a preoperative predictor of tumor recurrence was carried out. With the cutoff point of the ratio of 0.66, acceptable sensitivity of 75% and high specificity of 100%, were the results. Furthermore, encouraging results in terms of both positive and negative predictive values and positive and negative likelihood ratio were also observed.
Minimizing tumor recurrence rate was our goal because the higher the recurrence rate of the tumor, the poorer outcome of the treatment has been reported [21] . By the use of this test, the post-test probability was significantly enhanced, Table 3 . The information could be used for decision making in the selection of the type of surgery and the local treatment method to minimize tumor recurrence rate. When the Hsp70/beta-actin ratio was lower than 0.66, post-test probability or recurrence rate would be lowered and ranged between 12% and 36.3%. Less invasive or ablative surgery might be considered in the patient to preserve function. On the other hand, when the Hsp70/beta-actin ratio was higher than 0.66, post-test probability or recurrence rate would be higher than 74.7%. More extensive surgery should thus be considered in the patient to minimize recurrence rate. However, longer terms of follow up and the recruiting of more patients and specimens should be carried out before the test can be used confidently as a standard diagnostic test. Concerning the expenses of the test, the relative expression of Hsp70/beta-actin should be limited to be used in patients who have repeated tumor recurrence and patients who had large tumor masses which might need aggressive ablative surgery and enough tumor samples to be collected for the test.
Conclusion
In conclusion, Hsp70 expression was found at a certain level in the specimens from all patients who had giant cell tumor of the bone. The ratio between Hsp70 and beta-actin should be a possible predictor of tumor recurrence.
